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MAN! IFACTT TO P. OF RESINS 


15 


[0001 ! The present application describes a method for making powders, particularly 

organosiliconc resin powders from liquid and gaseous precursors. 

5 

[0002] Standard processes for making silicone resins generally involve the hydrolysis 

and condensation of cmorosUanes, alkoxysilanes and silicates, such as sodium silicate. These 
processes generally requite the use of largo volumes of solvents with a comparative tow 
concentration of reactive agents in order to prevent/reduce the gelling of the resulting silicone 
10 resin products. Due to increasing concerns regarding the environment, industry is aware of a 
long felt need to avoid the need for the use of such large volumes of solvents wherever possible. 
One route to achieve this would he through using so-called "dry manufacturing processes" 
which requite minimal *4 preferably no solvent to manu&cture powdered silicone resins. , 
This would reduce environmental concerns and would provide manufacturers with the added 
incentives of reductions in costs attached to the avoidance Tor (he need to store, use and 
dispose of and/or recycle large volumes of solvents. In the case of silicone resin manufacture 
other advantages which would be achieved by avoiding the need for solvents in the resin 
manufacturing process including the reduction of matmfaemrine process residence times, 
which is currently generally caused by the low concentration of resctants present in the 
reaction mixture, reduction in energy needed to heat reaction vessels, the avoidance for the " 
need of a solvent exchange step to deliver resm products to customers in a liquid delivery 
medium suitable for the specific application of the customer and the avoidance for the need to ■ 
have a spray drying step to deliver solid resins. 

[00031 Silicone resins are generally described using the M, D, T and Q nomenclature 

in which M units have me general formula R 3 SiOi/2, D units have foe general formula 
R 2 Si02/2, T units have the general formula RSi0 3 /2 and Q units have the general formula 
Si0 4/2 . Generally, unless otherwise indicated, each R group Is normally an organic 
hydrocarbon group, such asanalkyl group (e,g. methyl or ethyl) or an alkenyl group e.g. vinyl 
30 or hexenyl), however some of the R groups may be sitanol groups). 
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10004] Traditional "wet chemistry" processes aic generally unable to deliver silicone 

resin compositions containing various ratio combinations of Q, T, D and/or M groups in 
discrete particles without gelling, especially iti cases where partially functionaliscd One 
particular problem has been the inability to allow the incorporation of wide ranges of organic 
5 gro«p$ and ftractionalising groups such as for example amine groups, -OH groups, epoxy 
groups, and carboxylic acid groups and derivatives such as acid anhydrides, perfluoro groups, 
' acrylate groups and alkylacrylate groups and thclike in the resin formulations. Improved 
control Of the particle size ranges, molecular weight and molecular weight distribution are also 
desirable and not achievable by today's conventional processes. 

10 

10005] Plasma is an at least partially ionised ,gaseous medium, made of excited, 

unstable and ionised atoms and molecules.and emits visible and UV radiation. When matter is - 
continually supplied with energy, its temperature increases and it typically transforms from a 
solid to a liquid and, then, to a gaseous staje. Continuing to supply energy causes the system to 
1 5 undergo yel a further change of .state in which neutral atoms or molecules of the gas arc broken 
up by energetic collisions to produce negatively charged electrons,, positive or negatively 
charged ions. Other species resulting from plasma treatment of a gas include high energy non- 
charged particles such as gas molecules in excited states, inetastable compounds, molecular 
fragments and or radicals, ..This mix of excited and charged particles exhibiting collective , 

2 0 behaviour is called '"plasma", the fourth state of inantf. The plasma is electrically neutral and 

. therefore contains positive ions, negative ions and electrons such that the algebraic sum of 
their charges is zero. The plasma phase is obtained in the laboratory by subjecting a pure gas 
or a gaseous mixture to external excitation, which is most generally electrical. 

fi 5 [0006] The term "plasma" covers a huge range of systems whose density and 

temperature vary by many orders of magnitude. Some plasmas are very hot and all their 
microscopic species (icm$ 4 electrons, etc.) are in approximate thermal equihbrium, the energy 
input into the system being widely distributed through atomic/molecular level collisions; 
examples include flame based plasmas. Other plasmas, however, particularly those at low 

3 0 pressure (e.g. 1 00 Pa) where collisions are relatively infrequent, have their constituent Species at 

widely different temperatures and are called "non-thermal non-equihTmrmT plasmas. 

|dba2925;h15.^Qct^03-:P3;i24;ff| 
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I00 07l fa these non-thermal non^lfcrium plasma the free electrocautery hot 

with temperatures of many thousands of Kelvin (K) whilst the neutral and ionic species remain 
cool. Because the free elects have almost negligible mass, the total system heat content is 
low and the plasma operates close to room temperature thus allowing the processing of 
5 temperature sensitive materials, such as plastics or polymers, without imposing a damaging 
thermal burden. The hot elections create, through high energy collisions, a rich source of 
radicals and excited and/or unstable species with a high chemical potential energy capable of 

, profound chemical and physical reactivity. It is (his combination of low temperature operation 
plus high reactivity which makes non-thermal cqdlibrium plasma t^hnologically important and 

10 a very powerful tool for manufacturing and material processing as it is capable of achieving 

, ■ . processes which, if acM^^ 

noxious and aggressive chemicals. 

■ fOGOSl Because of their potential in industrial applications atmospheric pressure 

15 plasma (APP) systems are of particular mterest to industry. AFP is a form of atmospheric 
• , pressure non-equilibrium plasma and is generated between two parallel electrodes that vary in 

sizes and configurations but which need to be within several mm distance from each other. 
5 : Depending on the electrical circuitry and on systems con figurations, atmospheric pressure 
glow discharge (APGD) and/or dielectrit.ku-risr discharge (DSD) plasmas are generally 
produced. Advantageously, when compared to many plasma-based systems currently 
available, APP operates at about atmospheric pressure and at low temperatures low 
temperatures (<200°C and preferably <100°C). However, limitations exist with respect to 
system geometry, because the plasma is produced in a plasma region between parallel 
electrodes with very small gaps between electrodes. It is ideally suited to treat flat, thin and 
2 5 flexible substrates like plastic Stats, textile webs, etc. 

[00091 In the case of the preparation of powders using APGD type processes, one 
problem regarding the geometry of the system is that during the generation of the panicles, 
reacted reagents and/or treated particles may deposit on the electrodes thereby affecting the 
electrical and chemical properties of the plasma and potentially the duration of usefulness of 
the electrodes. Furthermore, the use and or preparation of electrically conducting particles 
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using APGD is difficult as such particles would interact with the electrical field and create 
filaments or local discharges and potentially adhere to electrode surfaces. 

[0010] Recently, new plasma system have been developed which produce plasmas 

5 using high gas flows between the electrodes of an electrical system. Thes? gsse? erdt the system 
in the form of excited and/or unstable gas mixtures at around atmospheric pressure. These gas 
mixtures are characterized by being substantially free of electrical chained species which may 
be utilized in downstream applications distent from the gap between the electrodes which 
- . generates the plasma. This "atmospheric pressure post plasma" (APPP) has some of (he 
1 0 physical characteristics of low pressure glow discharge artd APJ3D including, for example, 

glow, presence of active light emitting species, chemical reactivity. However, some clear and * > 
unique differences exist including the facts that APPP has higher theimal energy, absence of ■ 
boundary walls e.g. no electrodes, substantial absence of electrically charged aperies, large 
choice of gases and mixture of gases, large now rate of gases. 

10011] i • US5S07615 describes a "post discharge" atmospheric pressure plasma 

system for depositing e.g- silicon oxide films on metal substrates wherein a ^primary*' gas is 
excited by being passed through a plasma and is- then mixed with a precursor gas downstream > ' 
of the plasma. The precursor gas was a. silicon containing compound which has not bsen 
20 plasma treated. The precursor gas was excited by interaction with the primary gas resulting in. 
; the formation of a film on a substrate, surface. The post discharge nature of this system 

resulted in the substantial absence of any electrically charged species other than in the plasms* 
region between the electrodes. Column 3 lines 33- 40 states that "since the silicon precursor 
gas has not passed through the apparatus the risk of forming silica powder (or more generally 

2 5 powders of silicon compounds) inside the plasma discharge is consequently eliminated*" 

[00121 PCT/BP03/04344 which was published after the priority date of the present 

application describes the preparation of metallic oxides, metalloid oxides and mixed metal 
oxides within the plasma generated between the electrojdes by Glow Discharge Plasma at both 

3 O low and atmospheric pressures. 
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J0013I WO 02V2S548 describes a process for enabling the introduction of a solid or 

liquid precursor into an atmospheric pressure plasma discharge and/or an ionised gas stream 
malting therefrom in order to form a coating on a substrate. The subshaie may be a powder. 
It does not discuss the making of powders by this method, 

l00 14] Metal oxides and metalloid oxides are made by a wide variety of processes. 

Thanium dioxide for example may be made by mixing titanium ores in sulphuric acid to 
znake titanium sulphate, which is men calcined to produce titanium dioxide. Silicon dioxide 
or titanium dioxide may be prepared by reacting their respective chloride with oxygen at an 
elevated temperature. In this method, the reactants are brought to reaction temperatures 
by combusting a flammable gas such as methane orpropane. : 


m0351 Thcuwofthennal-equUto^ ' 

oxides of .silicon, titanium, alnminium, zirconium, iron and antimony has been described in 
15 US 20020192138 in which a plasma generator producing a temperature of between 3000 and 
. 120000 C is usod-td oxidize vapours of salts of the above metals and metalloids. 

Kartbikeyan et al.. Materials Science & Engineering A238, 1997 pp. 275 - 286, describe a 
: method for the preparation of alumina, zirconia and yttriaUsing a high temperature plasma jet 
to melt and spray the feedstock into a reaction system to form nanoparticles by "plasma jet 
20 spray pyrolysis". 

[00161 Whilst there is a large volume of published infoimation relating to the 

formation of silica.or silicone resin based coatine* on substrates little effort a Pn ^ ^e 
been carried out into the preparation of particles using a plasma type system as the electrical 
discharge means to generate excited and/or unstable gas species m a post discharge phase. 
Coopes et al., J. of Appl. Polym. Set., 37(12), 1989, P 3413-22 investigated the formation of 
films at low pressure derived from hexamethyldisiloxane precursors; F. d* Agostino et al., 
Polymer Preprints, 34(1).. 1 993, p673-4 describe investigations on the low-pressure 
deposition of organosUicon thin films (where the organic groups are methyl groups) by PE 
Chemical vapour deposition (CVD) using Si(OEl)4"02 ^ hexumemyldbila^ue-Oz 
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[00171 BP 1090159 which describes the deposition of silicon dioxide films by 

introducing tetraethyl orthosilicate (TEOS) into tho effluent stream of a low temperature (85 

to 350°C) atmospheric pressure plasma jet (APPJ); EP 0517142 protected the preparation of 
silica thin films prepared using an APGD process; JP06-Q0 1 870 describe the ptcyaxitdiin of 
laminates using low-pressure plasma CVD (<0*2 ton) in which a hard and abrasion resistant 
costing is by treating hexamethyldisiloxane in O2 <* N2O at 80°C; JP2002-127294 describes 
the formation of gas-barrier plastics films and uses a low pressure plasma CVD (50 to 500 
mtorr) to forcn a silica layer; S? 58-223333 describes the fabrication of semiconductor 
devices with good electrical properties by coating the device with a silicone resin formed by 
low-pressure, plasma polymerisation of sifanc coupling agents; and JP 11-221517 describes 
reflective films for automotive lighting applications which include a topcoat film may be 
formed by low-pressureplasma polymerisation (< 8 x 1 Q"2 torr) of monomers such as 
hexamcthyldisiloxane and Si(OEt)4. 

[00181 hi accordance with the present invention there isprovided a method of 

forming a powder ahd/or discrete gel particles of a compound selected from the group of a 
metallic oxide, a metalloid oxide, a mixed oxide, an prganometallic oxide, an 
organom'ctalloid oxide, an organomtxed oxide resin, and/or an organic resin from one or more - 
respective oTgahometallic precursors), organometalloid precunsor(s) and/or organic 
precursors; comprising the steps of: * r 

i) passing a gas into a means for forming excited and/or unstable gas species; 

ii) treating said gas such that upon leaving said means the gas comprises 
excited and/or unstable gas species which arc substantially free of 
electrical charges at a temperature of between 10°C and 400°C; 

iii) introducing a gaseous and/or liquid precursor which has not been subjected 
to steps (i) and (ii) into said excited and/or unstable gas species in a 
downstream region external to the means for forming excited and/or 
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unstable gas, interaction between said precursor and said excited.and 
unstable gas species resulting m the formation of a powder and/or discrete 
gelled partioles; and 

5 . iv) collecting resulting powder and/or discrete gelled particles. 

[00191 For the purposes of this application a powder is a solid material in the form of 

namrpartieles. nanotubes, particles, particulates, pellets, platelet*, needlcs/tubca, flakes, dust, 
granulates and any aggregates of the aforementioned forms. A gel is a typically jelly-like 
material 'in the form of a thin film or solidified mass. It is to be understood that the term 
"electrically charged species" as used herein is intended to mean ions and electrons. 


(00201 The means for forming excited and/or unstable gas species at a temperature of • 

between 10<>C and 400^C treats gases passing between the electrodes, which gas upon 
1.5 leaving said means comprises excited and/or unstable gas species at a temperature of between 
10°C and 400°C which are substantially free of electrical charges. Such excitation is? ■ 
' preferably obtained by electrical discharge, for example, of the dielectric barrier discharge 
• • tjpe □nd/or nonthermal eqdlibrionip 

a'gas mixture such as glow discharge, dielectric. barrier discbarge and/or corona discharge, 
2 0 light radiation assisted e.g. laserfand any high energetic means is falling within the scope of 
this invention. The excited gas mixture .is generated a non-thermal equilibrium plasma and/of ' 
dielectric barrier discharge and/or corona discharge under approximately atmospheric 
pressure conditions (e.g. from about O.lx 10* Pa to about 3 x 10? Pa but preferably at a 
pressure of between from about 0.5x ifl5 Pa to about 1 .5 x 1 0* Pa>. Such a means is adapted 
25 to provide a post plasma discharge region of excited and/or unstable species downstream 
from and preferably external to the means for forming excited sad/or unstable gas species. 
Henceforth this region will be referred to as "the downstream region". The downstream 
region is generally substantially free of charged particles. The operating temperature of the 
means for forming excited and/or unstable gas species is between 10 and 40 (PC. Preferably 
30 the operating temperatures of such apparatus is from about room temperature (i.e. about 

20OC) to about 200°C but more preferably, One method of the present Invention will operate 
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at temperatures between room temperature (20 0 C) and 1 60° C. Preferably, gas to be plasma 
treated has a high flow rate of greater than 50 Utrcs/min, preferably in the range of from 50 
litres/min to 500 litres/min, more prererably from about 75 litres/min to 300 litres/min 
through the means for forming excited and/or unstable gas species. 

5 

f 00211 Any equipment suitable for use in producing a downstream region may he 

' used to undertake the method of the present invention The means for forming the excited 
. and/or unstable gas spcuics may, for example be any faeans for generating a downstream 
• region which is preferably substantially free of charged species and which is suitable for use 
10 : in the method in accordance with the preset invention. An Atmospheric Pressure Non- 
Equilibrium Plasma* system, particularly ah atmospheric' pressure glow discharge having a ••' 
high gas flow rate (greater than 50 litres per minute) is preferred. Many atmospheric pressure • • 
• ' based plasma systems such aa glow discharge and dielectric barrier discharge (DBD) based 
systems typically have low gas flow rate eystem$'(und^r:50 litres/min) in which the plasma is 
IS ^ generated between adjacent electrodes and do not prdvide the downstream region of the type 
required in accordance with the present invention and as such are unsuitable for the ( 
preparation of partiples in accordance with the present invention. 

< • > .i 

; [0022] The means for forming ertcjted an<^r;u^s^le gas ^ecies may alternatively 

20 - be a dielectric barrier discharge and/or coixma dischai^ge system haying a high gas flow rate of 
at least 50 litres/min so as to provide .a suitable downstream region, which is preferably 
substantially fiee of charged' species for treating the precursors in accordance with the method 
of the present invention. Particularly preferred systems include the so-called plasma jet arid • 
plasma knife type systems. 

25 

[0023] Particularly preferred systems for the present invention are the means for 

forming excited and/or unstable gas species as described in US 5941448 and/or in the 
applicant's co-pending application FCT/EP03/04345. when used with a high gas flow rate of 
greater than 50 litres/min, PCT/EP03/04345 was published after the priority date of the 
3 0 present invention. 
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[00241 The preferred system comprises a concentric cylindrical electrode 

configuration having an inlet for the introduction offhc gas to be excited and an outlet, in the 
foxmofasht, through which excited gas is able to leave the excitation region. The o.citat.on 
region is substantially the gap between adjacent pahs of concentric electrodes where a plasma 
is formed and/or dielectric barrier discharge and/or corer.a ^charge occurs. The electrode 
configuration typically comprises an inner cylindrical cteCxode and an outer concent™ 
tubular electrode. At least one of the electrodes has a layer of a dielectric material between ,t 
^ the other electrode. Preferably at lca 3 t the inner face of the outer electrode is covered 
a dielectric material. The slit is provided along-most of theaxial length of the electrode 

configuration in order to provide an elongate source of excited and/or unstable gas in ft. 

downstream region into which.precursor is introduced. 

[00251 By adding precursors in the downstream region, which is substantially free of 

. charged species, powdered products in accordance with the present invention may be 


15 • prepared. 


[00261 in such cases aplume is visible substantially immediately external to the exit 

' which is generally consul *> be caused hy excited and/nr unstable species (atom, and 
, molecule.) e.g. .metastases, giving off energy when-fuming t 0<? heir ground state after havmg , 
' been in tlie downstream region. 

10027J The gcomeuroffteabove.^trode configuration means that a system of this* 

type offers unique advantages that allow practical, economic and large-scale production. 

2S K>02ol A typical means for forming excited aud/ur unstable gns species Xbr use iu the 

meftod of fte present invention may comprise an electrode configuration comprising one or 
m ore pai* of electrodes between which a plasma is generated and/or dielectric burner 
discharge and/or corona discharge occurs in a substantially constant gap of from 1 to 100mm, 
preferably from 2 to 10 mm between the electrodes. The electrodes being radio fieqnency 

30 (RF> energised with a root mean square (rma) potential of 1 to 1 00 UV, preferably between 1 
and 30 kV and most preferably between 2.5 and 10 kV, however the actual value will depend 
on the chemistry/gas choice and plasma region size between the electrodes. The frequency is 
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generally between from I to 500 kHz, preferably at 10 to 300 kHz. Preferably, the power used 
in the apparatus is preferably greater than or equal to I W/cm 2 , more preferably greater than 
or equal to 1 0 W/cm 2 and most preferably will be between from about 1 0 to about 100 
W/cm 2 (normalised per unit surface area of dielectric). 

5 

[002?1 Metal electrodes maybe used and maybe in, tor example, the form uf ineUiilic 

cylinders, tubes, plates or mesh. The metal electrodes may be bonded to dielectric material 
either by adhesive or by some application of heat and fusion of themetal of the electrode to the 
dielectric material. Alternatively one or more of the electrodes may be encapsulated within a 
3. 0 dielectric material or may be in the form of a dielectric material with a metallic coating such as, 
for example a diolocfrio, preferably a glass dielectric vrfth a sputtered metallic coating. 

[00301 The dielectric materials may be made from any suitable dielectric, examples 

' include but arc not restricted to polycarbonate, polyethylene, glass, glass laminates,, epoxy 
15 filled glass laminates, ceramics and the like. 

[0031] ' The gas used to form the excited and/or unstable gas species which are provided 
to the downstream region need not comprise noble gases such as helium and/or argon and 
• therefore may be solely air, nitrogen, oxygen, hydrogen or the like and any suitable mixture • - 

2 0 thereof, Where an oxidising or reducing gas is required to be included in the gas used to form • 

the excited and/or unstable gas species, the gas used may compnse a mlxtute of, tor wa*ptoi 1 
nitrogen' with an appropriate oxidising gas such as 0 2> H2O, CQ2> CO, nitrogen oxides (such* 
as NO2X or air and nitrogen with an appropriate reducing gas, e.g. H2^ CH4 or NH3 when a • 
reducing plasma environment is required. However, the selection of gas depends upon the 
25 plasma processes to be undertaken. Oxidizing or reducing gases will be used alone or in 

mixtures, typically with nitipogen in any appropriate mixture such as for example in the case of 
an nitrogen and oxygen mixture, the mixture may comprise 90 - 99.995% nitrogen and SOppm 
to 10% oxidizing or reducing gas. The noble gases, Ar, He, Ne, Xe and Kr may be utilised 
alone or in combination with oxidising or reducing gases (Ar and/or He being the most 

3 0 preferred) but are expensive and as such are only used if needed. Mixtures of any of the above 

may also be used where deemed appropriate. 
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[0032} The introduction oftheeccitod and/or unstable gas species into the 

downstream region is preferably achieved by passing a gas, at a high flow rate, through the 
electrode configuration of the means for forming excited and/or unstable gas species as 
described above, which when a potential difference is applied between, the electrode 
generates a plasma or dielectric harrier discharge and/or corona discharge between adjacent 
pairs of electrodes. " When a plasma is generated between the electrodes, the gap between the 
electrode, will contain an ionised gaseous medium, comprising excited und ionised atoms and 
molecules and will emit visible and UV radiation. Gas having passedbetween the electrodes 
and out through the slit comprise an excited and/or unstable gas mixture which is substantially 
free of electrically charged species as substantially all the charged species will rcmain~in the gap 
between the electrodes. The visible plume which is observed at the slit is the effect of the 
excited and unstable atoms and molecules giving off energy when retumingto there ground 


state. 


[0033] Whilst gases maybe excited due to microwave excitation in the method of the 

present invention, this is not a preferred option- ; 

: {0034] The liquid and/or gas precursor is in die form of a. Uquid compound, a solution ' 

* of a high viscosity liquid or solid compound in either a liquid carrier or a liquid ^reactive 
tod/or a molten solid When using a liquid precursor, the liquid precursor may be entrained on ' 

• a carrier gas or hansported in a voriex or dual cyclone type apparatus, in which case the liquid 
to be treated may be fed in through one or more inlets within e.g. a fiuidised bed. 

[0035] bi one preferred embodiment of the present invention there is provided a single 

unit comprising the means for forming excited and/or unstable gas species, an introducnon 
means for introducing precursors into the excited and/or unstable gas and a suitable means of 
collecting the end product e.g. by way of an electrostatic precipitator, a cyclone, a scrubber, or 
filter system or the like. Preferably the means for collecting the end product maybe positioned 
away from the downstream region, particularly in cases where the resulting powder and/or 
discrete gel particles are very fine e.g. nanoparticulate size to manufacture gel or solid particles 
where the particles float in e.g. a tluidized or circulating bed. 
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[0036] Preferably the single unit is a fluidiscd or circulating bed reactor. Particularly 

preferred is a system wherein the means for forming excited and/or unstable gas species is 
5 positioned such that the gas which is used »s the swrc? of excited and/or unstable gas T?ci?r 
in the downstream region at the base of the fluidiscd or circulating bed reactor is also utilised 
» as the gas supporting the fluidised or circulating bed. The use of a fluidised or circulating bed 
; type of system results in excellent mixing- and thereby a generally consistent powder and/or 
discrete gel particle, particle size, which may be substantially predetermined by pre-setting . 
10- the exposure time of the precursors in the downstream region in the fluidised or circulating 
bed. The powder circulating in the fluidised or circulating bed Will be transportable through 
.. both the downstream region arid where appropriate through thefcxternal plume. 

[0037] Furthermore, the liquid precursor may be maintained stationary in a suitable 

15 container which may be fixed in the downstream region, in which case, if required, the means* 
for forming excited and/or unstable gas species may be moved relative to the receptacle. 
Whichever means of transporting and/or retaining the liquid precursor is utilised, it is 
preferred that the exposure time in which liquid precursor remains within the downstream 
region is constant in order to ensure aa evert treatment throughdut the duration of the method 
•20 in accordance with the present invention: 

[00381 Additional gas inlets or exits from external gas sources and/or additional means 

for forming excited and/or unstable gas species maybe positioned anywhere in the fluidised or 
circulating bed e.g. at the bottom, side or top of the reactor, to assist in suspending particles 

2 5 and/or droplets or the like against gravity. Each of said additional means would utilize the 

source of gas as the gas for the fluidised or circulating bed. A single acoustic sclf-oscillatmg 
jet plasma head may be utilised to offer dynamic mixtog/flnidisation in the fluidised or 
circulating bed as well as forming a plasma between electrodes. 

3 0 [00391 Preferably, powder and/or discrete gel particles which are formed in the 

downstream region in accordance with the present invention (preferably in a fluidised or 
circulating bed), are prevented by the excited and/or unstable gas in the fluidised or 
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^ bed ftom passing through the slit into the electrode cemfigururion and deposmng 
on one of the electees. Howeverwhcre enpropriate an elecfcioally conducting mesh maybe 
ptaced i. 6» MM or eftcutadng bed externa, to the electrode configured*., pctohly 
be^fteexKtmlplumeandftedowns^region. The inclusion of fte mesh may serve 
•mri pulses, firstly ft significantly redeem the or-*-* for and preferably prevo," 
powder and/or discrete gel particles obtained in nccordance with the method of the present 
invention, from enterin E the electrode configuration thron 8 h the all. and deposition, an 
»,en,™da sorffcee. Second* it also anbstanHaHy prevent any resides, chafed species fem 

material bnt ia preferably made ftom stainless steel, eopper or the like. 

,00401 ta many means for fanning excited and/or nnatable gas species snitable for use 

in toe n^udofthepreseuttaveodontherc maybe substantia* no charged speotea • 
introduced mto the downstream region orin the visible plume projecting outwardly from the 
s ,„inthe«.ec.rodeconnguranon. Honce v snbalanbaUy all eharged speoies/ fontted dnnng • 

cachanoo of passing , 
the cfieetof high particles such as — eatoms 

offenergywhentetnnnngtotheir^undsta.e, However, other systems may eonttun charged • 
paUeleawithm^eviaibloplnine. Preferably the electrically oonduedng meah haa a vonage 
applied to i. such ft* « will attract or repel all positively or negatively charged molecules 
present in the plume and thereby prevent said charged moleoulea ftom erdenng the 
5 downstream region in the Acidised or circulating bed. 

[004)) bfte^w^afimdiaedoriotattogbedisutisaedpreoursormaybe 
Educed into the bed a* any appropritdo position but la preferably introduced directly mto 
(he downstream region(s) of excited and/or unstable gas. 

,0042) Al^ivoreantomwhiohnnrybeutttlsedfbrftemethodhraeo^ 

rne present invention include, for example rotating drums, rotary kirns, jet mixers, fhttbed 
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reactors (FBR) with recycle/ageing loops, static mixing reactors, sonic mixing rcactQf s, 
vibrating beds, conveyor behs, tumblers alone or in any suitable combination. 

[0043] Preferably ageing and/or recycling bops may be provided. These may be 

s 7wt»cnibrly useful when a predetermined particle size required. Initial particles fomc;! in 
accordance with the present invention are in the nanoparticle size range and whore larger 
, particles are required circulation of such particles back into the bed may be required to build 

the particles to an appropriate eize* 

/. 1 o [0tt44] Particles resulting from the method in accordance with the present invention 

may be collected by any suitable means for example'they may be collected by electrostatic 
precipitators, filters, cycloneSj-Scrubbers and/or electrophoresis and the like. Other options 
far collecting the resirlring powder and/or discrete gel particle product include a. statically 
electric charged porous plate or a vibrating sieve placted in line with the exit of the powdered 
lb particles from the plasma region to collect the resulting powdered particles. Yet another 
option for collecting the powders and/or discrete gel particles is to bring them into contact 
with a liquid material which will advantageously be a delivery medium for specific 

applications. ' 

*.«.«- 

20 * 1004:5] ITiepowderfcdsiibsirafemt^ctsvilth the excited and/or unstable ^ arid' 

functionalised precursors in the downstream region. The excited and/or unstable gas • 
comprises high energy nori-cbarged particles such aS'gas molecules in excited states, 
melastable atoms and/or compounds, molecular fragments and/or radicals. 

2 5 [0046J The metals, whose oxides and the like Oiis invention particularly relates, are 

those of columns 3a and 4a of the periodic tabic, namely aluminium, gallium, indium, 
tellurium, tin, lead and the transition metals. Hence, metallic oxide products of the present 
invention may be either single metal oxides such as, foT example, the oxides of titanium, 
zirconium, iron, aluminium, indium, lead and tin, mixed oxides include> for example, 

3 O aluminium silicate, aluminium titanate. lead bisilioato, lead titanatc, zinc stanrmtc, Ti02- 

ZrO2-Si02-SnO2 and a mixed indium-tin oxide. Proportions of mixed oxides may be 
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determined by the ratios of the amounts of each constituent of the precursor to be plasma, 
treated in the method of the present invention. 

[0047] A metalloid or semi-mctal (hereafter referred to as a metalloid) is an element 

5 havrog both metallic and non-metallic pronerti«s and is selected from boron, s«lkw r 
germanium, arsenic, antimony and tellurium. Preferred metalloid oxide produots made 
according to the method of the present invention are in particular oxides of silicon including 
silicone resins and the like, boron, antimony and germanium. (It is lo be understood that an 
organomctallic oxide, an organomotallold oxide, and an organomixed oxide resin are oxides 
10 as described previously which additionally comprise organic groups.) • .. 

[0Q48J . Particularly preferred are the preparation of organofunctional metallic* 
metalloid and/or mixed oxides resins following the above composition description with the 
addition of organic groups in the composition for example amino groups, aldehyde groups 

1 s . sdkyl halide groups, alkyne groups, alcohol groups, aimdo groups, carbamate groups, urethane 

groups, grafted or covalenlly bonded biochemical groups such as amino acids and/or their 
derivatives, grafted or covalcntly bonded biochemical species such as proteins, enzymes and 
, DNA and organic salts, carboxylic acid groups and their derivatives such as acid anhydride 
groups, organic groups containing boron atoms or phosphorus or sulphur containing groups 

2 0 such as mcrcapto and sulphide groups. In particular a silicone resin having the following X 

- 

empirical formula:- 

(R'3SiOi/2)w(R'2Si02^)x(R'Si03/2)p(Si04/2)7. 
where each R' is independently an alkyl, alkenyi, aryl, H, OH, or any of the groups described 
.25 . in the previous paragraph and wherein W + x + p + z=l and w<0.9, x < 0.9. p +z > 0.1 maybe 
formed by the method in accordance with the present invention. 

[0049] Preferably in the method of the present invention precursors are introduced in 

gaseous or liquid form including molten metals with solids solubiKsed in a suitable liquid 

3 0 carrier, i.e. a solvent or a liquid co-reactivc compound (aldiough wherever possible it is 

preferred to avoid the use of solvents). Organometalhc liquids and gases (although the use of 
liquid precursors is particularly preferred) of the above listed metals and/or organometalloid 
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liquid precursors of the above listed metalloids are particularly preferred. One of the main 
advantages of the present invention is that no solvent is usually required and preferably no 
solvent is used at all, Lc. the organomctalHc and/or organomctalloid gaseous or liquid 
precursors used in the method of" the present invention are solvent-free and the insulting 
S powder and/or discrete pel particle product is m?ic?« in a rolvent free environment, thereby 
avoiding the need of a solvent exchange step to deliver resin products to customers in a liquid 
carrier suitable for the specific application of the customer and avoiding the need to have a 
spray drying step to deliver the silicone resins in a solid form. 
;." * a 

1 0 [0Q5G] An organic resin obtainable in accordance with the present invention may be * 

any suitable organic resin, for example, polyethylene, polypropylene, polystyrene, polyacrylic 
acid, polyacrylates, polymethacrylates, polyethylene oxide, epo*y resins, polyvinyl alcohol, 
polyvinyl acetate, and any organic resins containing phosphorus, halogen containing resins >* 
such as for example polyvinyl chloride, polyvinylideito- fluoride,, liitrogen containing polymers 
1 5 such as for .example polyurcthane, polyamide, polyimide or sulphur containing resins such as 
for example polytiuophene, polyphenylsulfone. 

f 

[0051] .. Preferably in the case of organometallie based precursors, the precursor may 
for example contain any suitable oxidisabb groups intfluding chloride hydrides, diketonates," ' 
30 cari>okylates and mixed oxtdisablc groups fur example; di-t-butoxydiacetoxysilane or 
titanium dichloro diethoxide, titanium diisopropoxide bis(ethyl-acetoaeefate) or titanium 
diisopropoxidc bisCtstramethylheptanedionate), but liquid metal alkoxides are particularly r '* 
preferred.. Liquid metal alkoxides suitable for use as precursors in the present invention may/ ' * 
for example, have the following general formula:- 

255 

R" t M(GR'")y-t 

where Mis a metal, y is the maximum number of alkoxide groups which may be bonded to 
the metal, t is 0 or an integer between 1 and y, each R" group may be selected from alkyl, 
3 0 alkenyl, aryl, H, OH, amino groups, aldebydc gronp$ idkyl halide groups, alkyne groups 

amido groups, carbamate groups, urethane groups, organic salts, carboxylic acid groups and 
their derivatives such as acid anhydride groups, organic groups containing boron atoms and 
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phosphorus and sulphur conning groups such as mercapto and sulphide ^ **d ^ 

4. same or diflembt and is a linear or bached dtf P-P toving between 1 «rf 10 «rbo« 
^ ,ch * for m*A rthy- ^ irf. K* ■ ' ** ' 

Exa^es of suilaolemetal alkoxides include, for example, ritamum isopropox.de, MV 
butox «e and alummiom ethoxide. Mixed mehdllc alkoxides may also bo used . k«ri 
posers, for example rndi™-«in afommiunUiUn«»n elWdes, a.— 

,«ri uro attoxides.and ataninium -.momum alkoxides. Metallic-metalloid mixed alkoxrdes 
0 . mayalso bo utitadeuch as for example di-s-butoxyalunrinoxytrie.hoxysri.oe. 

,0052) Similarly organbmetalloid liquid pressors may oontaio any suitable graups, 

„hici win ta d- «M aod/or unstable gas tar. which *• « — " » 

5 . panics, fa tho esse of sibcou. to Km. Silicon reams, such as alkoxy groups and chlmo 
gcoupa Examples of suitable metalloid alkoxides teclude silicon tetarnelhoxido and 
gennantanteunisopmpoxide. It b to bo understood .bat ma torn organometaUoid hqmd as 
., ^h^ntach^pob^oforgimd*^^ 

silicon pmfsmbty include liquffl orgariosihraes sochXs. for example diphcnylsilanc and 

Mowing- alkdnyl, aiyl. H. OH; amino groups, aldohydo gmups alkyl halide groops, attyne 

groups and Mr derivatives snob aa aoid anhydride gmups, organio gmups containing boron 
•» and ptosphorus and sulphur containing groops snob as merooplo and sulphido groops 
2S ^g^oro^on^bondodbioohooriortgrc^^as^oaoids^orto 

derivatives, grafted or covatonfly boodcri bkxtarical species such as proteins, enzymes and 
DNA. 

,0bS3] Att^vely.thepreonrsorforsmeonbasrfpowdorsnd/ordisoretogel 
3 0 particle pmdu«s ma, .emprise ft» branched and/or «dta org^polyefloxaoea for rho 
'* toanonof silica and silicate* (afficone resins). Thettneraorbrancbedorg^polysdoxaoes 

suitable as liquid precursors for foe method of dm present tavenrioo inolode liquids of dm 
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general formula W-A-W whers A is a polydiorganostlcxane chain having siloxane units of 
the FomiuJa R M s SiO 4-5/2 in which each R" independently represents an alkyl group having 
Gum 1 to 10 carbon atoms, an alkenyl group such as vinyl, propenyl and/or hexenyl groups; 
hydrogen; an aiyl group such as phenyl, ahatide group, an alkoxy group, an epoxy group, an 

value of 2 but may in some instances be 0 or 1 * Preferred materials are linear materials i.e. 9 
= 2 for all units. Preferred materials have polydiorganosiloxanS chains according to the 
general formula -(R n 2SiO) m - in which eath may he the same or different and is as 
hereinbefore described and rn has 3 value' from about 1 to about 4000. Suitable materials 

1 0 have viscosities of the order of about 0.65 mPa,s to about 1 ,000;OQO mPa,s. "When high 
viscosity materials arc used, they may be diluted in suitable solvents to allow delivery of 
liquid precursor in the form of a finely dispersed atomised spra> ; , or fine, droplets, although as ' 
previously discussed, It is preferred to avoid the need for solvents if possible. Most 
preferably, the viscosity of the liquid preclirsor is in the range between about 0.65 mPa.s and 

15 1000 mFa.s and may include mixtures of linear or branched organopolysiloxanes as 
hereinbefore described suitable as liquid precursors. 

[00S4] The groups Winay be the kame or different. Tbd W groups may be selected, 

for example, from -Sifc'D&X, or 1 ' 

20 

-Si(R f 02-<B)d »R w SiR ,T k(X)3 k. 

where B is -R'MSiCR^ -0) r -3i(R")2- and 

R" is as aforesaid, R m is a divalent hydrocarbon group r is zero a whole number between 1 - 
25 and 6 and d is 0 or a whole number, most preferably d is 0, 1 or2,kis0, 1, 2or3,Xmaybc 
the samp as R" or a hydrolysable group such as an alkoxy group containing alkyl groups 
having up to 6 carbon atoms, an epoxy group or a methacryloxy group or a halide. 

[0055J Cyclic organopolysiloxanes having the general formula (R u 2SiO 2/2)n wherem 

30 R w is hereinbefore described, n is from 3 to LOO but is preferably from 3 to 22, most 
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preferably n is from 3 to 6. Liquid precursors may comprise mixtures of cyclic 
organopoh/siloxanes as hereinbefore defined. 

[0056] The gaseous and/or liquid precursor may also comprise mixtures comprising 

or more of the cyclic organopolysiloxanes as hereinbefore described. 

[00S71 Organic precursors for the preparation of organic resins obtainable in 

accordance with represent invention may be any suitable organic monomers and/or 
oligomers for example ethylene, propylene, acrylic acid, acrylales, meraacrylates, and any 
organic precursors containing phosphorus, containing halogens for example vinyl chloride, 
vinylidene fluoride, containing nitrogen for example urethane, amide, imide or containing 
SUlphr for example thiophene, phenyl Rtilfnne. \- 

[0058] The average particle stee of the particles formed is preferably from 1 nm 

(nanometer) to 2000 urn (or micron), preferably between 10 nm and 250 urn. 


10 


lb 
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[0059J , When using * liquid prepyrsor. the.liqdd precursor may be brought into 
contact with the excited and/or unstable gas by any suitable means. In a preferred 
embodiment the ncnud precursor is preferably introduced into excited and/or unstable gas by 
way of a liquid spray through an atomiser or nebulteer (hereinafter referred to as an atomiser) as 
described in the applicants co-pending application WO 02/28548. This provides the invention 
with a major advantage over the prior art in that flu liquid precursor may be introduced into 
the excited and/or unstable gas in the absence of a carrier gas, i.e. a liquid precursor can be 
25 mu-oduced directly into the excited and/or unstable gas by, for example, direct injection 
directly into the excited and/or unstable gas. Hence, the inventors avoid the need for the 
essential features of US 2002019213S mat as discussed above requires both very high 
working temperatures and the need for the salts to be in a vaporous form. 

3 0 10060] Any suitable atomiser may be utilised Tor the atomisation and introduction of 

said liquid precursor, examples include the use of an ultrasonic nozzle or pneumatic 
nebulisers and nozzles. The atomiser preferably produces a liquid precursor drop size of from 
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10 run to lOOjim, mote preferably from lpm to SOjim. Suitable atomisers for use in the 
method in accordance with the present invention are ultrasonic nozzles from Soao-Tek 
Corporation, Milton, New YotIc, USA or Lcchlcr Gmbll of Mefr.iugcu Germany and 

Pneumatic nozzles or intersurgtcal chambers frorn Clement Clarke International. 

s 

. [0061 1 In one embodiment of the present invention the method of the present invention 

i$ used to provide a one-step preparation of functional resins from precursors e.g. siianes with 

.■ dry recovery or in liquid carrier suitable &r targeted application! in an alternative embodiment, 
there is provided a two step process comprising a first step of making substantially non- 

1 u . N functional resins using the method of the present invention and then a second step in which the 

substantially non-functional resins may be functionated using fiunctionklised precursors by 
any appropriate method but most preferably during a'fuither passing of the powder and/or 
di$crete gel particle products from the first step through the dowhstrearn region wing-either dry 
Or wet delivery. 

13 ; 

. [0062] The powder and/or discrete gel particl^'products produced by the method of the 

present invention may subsequently be treated as required, using plasma techniques or 
otherwise, by any suitable process. In particular powder and/or discrete gel particle products 

. made by the present invention may be cleaned and/or activated or coated, for example, by 

2 o application of a liquid ur solid spray through an atomiser or nebuliser as described in the 

, applicants co-pending application WO 02/28548. 

t 

[0063} A wide number of possible uses for silicone resins prepared by the method of 

the present invention arc envisaged, these include for example:- 
25 intermediates for modifying viscodastic properties of siloxane based polymers and 
elastomers requiring specific properties, in paper coating as release modifiers, and in 
adhesive, in antifoaras and in encapsulant materials for electronic applications; formulated 
spm-on-glass interlaysr dielectrics for use in wafer fabrication (carbon free films); 
high temperature resistant coatings and carriers for photocopy toners; formulations with 

3 O organic polymer coatings for thermal stability, woathcrability, fmd surface properties; 

abrasion resistant coatings (ARC); electronics (LC fabrication, packaging), photonics 
(waveguide, lenses), traction fluids* tough coating with heat and acid resistance* high 
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performance composites and fire resistant materials applications; and/or flexibility and 
abrasion resistant auto topcoat in the automotive industry, as a means of providing the 
silicone benefits to organic systems suoh as alleyds. cpoxy, acryloies, in hot melt sealants, 
solar encapsulate, and slow curing vinyl resins. 

[0064J One perceived advantage with respect to Uxe powder made in accordance with 

the method ofthe present invention is that the particle size of the powder made in accordance 
with the method of the present invention are generally in the nanometre $ts» range 
' (nanoparticles). Hence, powdered particles produced by the method of the present invention 
10 may have.various utilities, for example. they may be useful in the fields of optoelectronics,--. •• 
photonics, solid-state electromcs, flexible-electronics, optical devices flat pimel displays and 
solar cells. Silicone resins made by the method ofthe present invention may be used as high 
performance composite, fire resistant materials, electrically and/or thermally insulation 
coatings for example for the microelectronic industry, optically clear coatings and high 
15 refractive index coatings for example for the display industry in applications such as 

televisions, flat panel displays, for the ophthalmic industry in applications such as ophthalmic 
lenses. Indium-tin mixed oxides are used.as electrodes for transparent electrically conductive 
films and.flat panel displays. 


2 0 I0063J " The present invention will now be described further based on the following 
examples and drawings in which :- 

Fig. 1 shows a schematic view ofameans for generating excited and/or unstable gas species 
according to the invention; 


25 


30 


Fig. 2 schematically shows a fluidised bed adapted to fit the means as shown in Fig. 1 

Fig,3 is a detailed schematic drawing of a fluidised bed in accordance with the present 
invention. 

[00661 Referring to Fig. I, Fig I shows a means for generating excited and/or unstable 

gas species I, having a inlet 2 to a gas homogenisation chamber 3, an inlet 4 for a gas to enter 
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the electrode configuration 1 5. The electrode configuration 15 comprises an outer electrode 5 
an inner electrode 6 and a layer of dielectric material on the inner electrode 7. The gap 9 
between dielectric 7 and outer electrode 5 is adopted to receive and channel all gas entering 
inlet 4 from chamber 3 to an excited and or unstable gas species outlet slit 10* Gap 5 is 
5 tubular and preferably has an ^vial ^nth *f to 1 -v-":?. t%«y .^y 50 

long. The width of gap 9 is up to 100mm but is preferably less than 10mm. Slit 10 extends , 
over the full axial length of the system. 

. [0067] Electrodes 5 and 6 are connected to a high voltage and high frequency !* 

i 

10 ( elwiric-d generator S operating at a frequency of greater than 15kHz and delivering a power 
of ij> Re order of lOfcW. 

r 

; [0068] . In use a gas to be rendered exGited and/or unstable is introduced into 
homogenisation chamber 3 through inlet 2 and subsequently into the electrode configuration 

15 15. The gas is rendered excited and or unstable whilst in gap 9 wherein it forms a plasma or 
is subjected to dielectric barrier discharge or corona discharge. The charged "species formed 
within gap 9 remain in gap 9, bntthe gas comprising excited and/or unstable species leaves 
configuration 15 through outlet 10 and forms a downstream region 1 1 in which region it 
interacts with precursor to form the powder and/or discrete gel particles in accordance with 

2 0 the present;invcntion. A plume 40 is visible to the naked eye andis believed to be the result 

> 

of previously excited and/or unstable species giving off energy when returning to their ground 
state after having existed in said excited state for a period of time in the in the downstream 
regions 

m 2 R _ I0069J shows a*> embodiment of the invention where a means 1 in accordance 

with the invention is adapted for use in a fluidised bed 20, such that gas enters entrance 2 and 
subsequent to excitation of the typo described in relation to Fig. 1 above leaves the 
configuration through exit slit 10 and enters the fluidised bed 20, The flow rate of the gas 
passing through means electrode configuration 15 is such that it also acts as the fluidising gas 

30 in the fluidised bed 20. The downstream region is identified 1 1 and the plume is seen at 40 
along the exit slit 10. 
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10070] Fig. 3 is a more detailed schematic drawing of a fluidised bed in accordance 

with the method of the present invention including a means of forming excited and/or 
unstable gas species 1 a 35 described in conjunction with figs. I and 2, Alternative and/or 
additional sites for means of forming excited and/or unstable gas species are identified by 
PMTv^mir IT, W V A m-nn* *r intwv*««'t.f. ? KphW r^" Trn " " A " ' " ^ ^ f 

the fluidised bed and an alternative and/or additional means for same is indicated at 50b. 
Preferably such means 50a and S0b introduce liquid precursor in the form of a liquid spray 
through an atomiser or nebuliser of the type described in the applicants co-pending application 
WO 02/28548. A slido valve 5$ is provided immediately above the means of forming excited 

. and/or unstable gas species la. this is intended as a means of preventing powder and 

". precursor from entering electrode configuration 15 (Fig. 1) once the flow of gas through 
means I has been switched. This valve may be replaced by the mesh as described previously 

■ where appropriate. Waste gases may be removed from the fluidised bed 20 via 52 and are 
seen to be removable using apneumatic conveying apparatus atthe base of the fluidised bed 
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[0071] In the following examples an M unit is intended to mean MesSiOi/a. a D H 

unit means MaHSiO^, » T units mean MeSi0 3/2 , a T" units means rISi0 3 /2 and a Q group 
means SiQ4/2. 


EXAMPLE 1 


30 


[0072] Polymcthylhydrosiloxane having adegree of polymerization (dp) of 23 (Mo.i 1 

OH 0 89 ) was continuously fed via a mbuhsation nozzle into the plasma reactor and within 
the post discharge atmospheric plasma secondary phase for a period of 35 min. The reactive 
gas mixture was 400 ppm oxygen (00 in 250 1/min of nitrogen (N^ The power delivered to 
the plasma source of the past discharge atmospheric plasma is 2,200 W. A white powder was 
deposited onto the surface of a polycarbonate support utilised to collect the resulting powder 
and/or discrete gel particle product. The white powder was recovered and analysed. The 
powder was found to have a general formula of Mo.04DO.OlD H '0.68 T 0^lT H O.OlQo.06 88 
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determined by 29 Si MAS NMR spectroscopy (OH mol % = 13%). Scanning electron 
microscopy showed the formation of initial particles in the range of few tens of nm that 
aggregated into larger particles in the range of few Lena of microns. The contact angle of a 1 

jj water droplet on the resin deposited onto polycarbonate is > 150° showing the resin 

• *. * 

Example 2: 

*. 

f0073] Polymethylhydrostloxanchavingadpof 22.6(Mq - hI> H 0.89) was 

1 o continuously fed via a nebulisation nozzle into the plasma reactor and within the post . 

discharge atmospheric plasma phase for over 35 niin. The i*cw;livu gas was air at a rate of 
250 1/min. The power delivered to Lhe plasma source of the post discharge atmospheric 
plasma was 2>200 W. The white powder deposited onto the polycarbonate support was again 
recovered and analysed. The composition of the obtained resin was determined as 
15 Mo.020<0.02 dH 0*04 t 0.60 Qg 34 by Cleans of 29 Si MAS NMR spectroscopy (OH mol % « 
28%). 

> 

[G074J The contact angle of a 1 ]il water droplet on the resin deposi ted onto 

polycarbonate was ^> 157& chewing that the resin powder was snpai hydrophobic. Particles 

2 0 Size analj^is of the white organosilicone resin powder was undertaken using a Coulter LJ3 

230 Laser Particles Size Analyser (from 0,04 to 2000 jjm) % in isopropane alcohol (DP A), using 
the Mie theory and the glass optical model calculation for a fluid corresponding to IPA and 
sample corresponding to glass (real = 1.5 Refractive Index (RI), imaginary RI = 0). The 
particle size distribution of this orgonosiliconc resin is bimodal from 40 to 600 nm and from 1 
25 jiin to 40 jum, both centered at below 300 nm and below 4 pan. The overall particle size 
distribution is centered (50% in volume) at a particle diameter of below 4 pan. 

Example 3: 

3 0 [0075] A 1:1.2 mixture of 1 3,5,7-tetramet3iylcyclotrtrasiloxane in 1 ,3,5,7,9- 

pentamethylcyclo pentasiloxane was sprayed via a pneumatic nebulisation nozzle into the 


( 
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plasma reactor and within the post discharge atmospheric plasma phase and thus over 35 mit\. 
The reactive gas mixture was 400 ppm oxygen (O2) in 250 l/minof nitrogen Qij)* The 
power of the post discharge atmospheric plasma is 2,200 W. The white powder deposited 
Onto polycarbonate was recovered and further analysed. The composition of the resulting 

NMR spectroscopy (OH mol % «- 17%). The contact angle of water on the resin deposited 
onto polycarbonate was > 150°. Particles Size analysis of the white otganosilicone resin 
powder was undertaken using a Coulter LS 230 Laser Particles Sifce Analyser (from 0.04 to 
2000 [xm), in IP A, using the Mid theory arid the glass optical model calculation for a fluid 
i 0 .. corresponding to IP A and sample corresponding to glass (real 1 .5 RI, imaginary 0)» The 

particle size distribution of this brgaiiusilicone resin fsbimodal from 40 to 600 inn mad from 1 
jam to 40 ixm 9 both centred at below 200 rim 'and below 10 j^nou The overall particle size 
distribution is centred (50% in volume) at a particle diameter of below 6 ^tm. 


"j ... J": 


1 
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CLAIMS 

1) A method of forming a powder and/or discrete gol particles of a compound 

selected from the group of a metallic oxide, a metalloid oxide, a mixed oxide, 
an 0HT*.nornpta?]ic nxM« ™ nr™n™~*+ni*Ui/i rvM* ~* — r — 1 • 
resin, and/or an organic resin from one or mors respective organometallic 
precursor(s), organometalloid precursor (s) and/or organic precursors and 
mixtures thereof; comprising the steps of: 

£ i) ' passing a gas into a means tor forming excited and/or unstable gas 

species; 

ii) treating said gas suck that upon leaving said means the gas comprises 
excited arid/or unstable gas species which' are sub$tentially free of 
electrical charges at a temperature of between 10°C and 500°C; 

Ki) introducing a gaseous and/or liquid precursor which has not been 

subjected to steps (i) and (ii) into said excited and unstable gas species 
in a downstream region external to the means for forming excited 
and/or unstable gas> interaction between said precursor and said excited 
and unstable gas species resulting in the formation of a powder and/or 
discrete gelled particles; and • 

iv) collecting resulting powder and/or discrete gelled particles. 

2) A method in accordance with claim 1 vvherein the means to generate excited 
and/or unstable gas species is an electrical discharge apparatus. 

3) A method in accordance with claim 1 or 2 wherein the liquid precursor is 
treated by the excited and/or unstable gas species resulting therefrom, in a 
container. 
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A method in accordance with claim 3 wherein the container is a fluidised bed, 
A method in accordance with claim 4 wherein the gas comprising excited 
bed for suspending powders, discrete gel particles and/or droplets of liquid. 

» 

A method in accordance with *ny preceding claim wherein the liquid and/or 
gas precursor is in the formof a liquid compound, a solutionof a high 
viscosity liquid or solid compound m either a liquid carrier or a liquid co- 
reactive and/or a molten splid, 

A method in accordance with claim 6 wherein the liquid precursor is 
introduced into flic excited and/or unstable gas species in the form of an 
atomised liquid. „ . 

A mediod in accordance with claim 7 wherein the atomised liquid is 
introduced into the excited, and/or unstable gas species by direct.injcction. 

A method in accordance with any one of claims 1 to 5 wherein the liquid 
and/or gas precursor is ar^prganometalUc compound of titanium, zirconium, 
iron, aluminium, indium and tin or mixtures containing one.or more thereof. 

A method in accordance with any one of claims 1 to 5 wherein the liquid 
orffor gas precursor is an organometalloid compound of germanium or 
silicon. 

A method in accordance with claim 10 wherein the organometaUoid 
compound is selected from an organosilane and an inorganic silane where the 
inorganic group, are selected from halogeno, hydrogeno. or hydroxy 1 groups, 
and mixtures thereof. 
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12) A method in accordance with claim 1 1 wherein the organosilane is a 

fimctionalised silane containing one or more of the following organic groups 
bearing functionalities such as alkenyl, aryl, OH, amino groups, aldehyde 
groups alkyl halide groups, alkyne groups amido groups, carbamate groups, 
iir^fh^* <^w«<?_ nwnin salts carboxvlic ftCid WW* «md th^ir d#*riv*HvM; 

such as acid anhydride groups, organic groups containing boron atoms and 
phosphorus and sulphur containing groups such as niercapto and sulphido 
groups and grafted or covalently bonded biochemical groups such as ammo 

acids and/or their derivatives, grafted or covalently bonded biochemical 

species such as proteins, enzymes and DNA 

13) a method in accordance with claim 10 wherein the organometalloid 
compound is an organopolysiloxsuic having a viscosity of from 0.65 to 1000 

• mPa.fi. 

1 4) A method in accordance with any one of claims 1 to 5 wherein the liquid 
and/or precursor is an org&nic compound or a mixture of organic compounds 
or a mixture of organic and organosilicon compounds. 

' 15y A powder and/or discrete gol particles of a compound selected from the group 

• of a metallic oxide, a metalloid oxide, .a mixed oxide, an organometallic oxide, 
an organometalloid oxide, an organomixed oxide resin, and/or an organic 
resin, obtainable in accordance with the method in any preceding claims. 

16) ■ Apowder and/or discrete gel particles in accordance wifli claim 15 having a 

particle size of ftom lnm to 2000)im. 

1 7) A powder and/or discrete gel particles in accordance with claims 1 5 or 1 6 
comprising an organosilicone resin having the following empirical form\dai- 
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where each R"* is independently an alkyU alkenyh aryl, alcohol, H, OH, 
amino groups, aldehyde groups alkyl halido groups, alkyne groups amido 
groups, carbamate groups,; urcthanc groups, biochemical groups, biochemical 

such as acid anhydride groups, OTganic groups containing boron atoms and 
phosphorus and sulphur containing groups such as mercapto and sulphido 

groups. 

and wherein * 


w 


+ x + p + z=l and w<0/9, x < 0.9, p +2 > Q.I. 


1 8) A powder and/oT discrete gel particles in accordance 'with claim 1 5 or 16 
comprising an organic resin. 

19) An apparatus for making powders or.discrete gel particles by the method of 
claims 1 to 1 4 comprising a means for gencratins an excited and/or unstable 
gas species, a means adapted to introduce a gaseous and/or liquid precursor 
wliid) has not been subjected to steps (i) and (ii) into said excited and unstable 
gas species in a downstream region external to the means forming excited 
and/or unstable gas, and a means for collecting resulting po;wder and/or 
discrete gelled particles. 

20) An apparatus in accordance with claim 19 wherein said apparatus forms a part 
of a fluidised or circulating bed. 

21) An apparatus in accordance with claim 19 or 20 wherein the means adapted to 
introduce a gaseous and/or liquid precursor is an atomiser. 

22) An apparatus in accordance with claim 19, 20 or 21 wharem the collection of 
the resulting powders and/or discrete gel particles is made by bringing them 
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into contact with a liquid material thus providing a means of directly 
formulating the powder and/or discrete gel particles into products for specific 
applications 

23) An SftpffretuA in sccrvrrfotv*^ with ^nv n^«> ^.f/OrnV-t* to n • — 

means for generating an excited and/or unstable gas species is an electrical 
discharge assembly. 

24. Use of a powder and/or discrete eel particles in accordance with any of claims 

15 to IS in optoelectronics, photonics, flexible electronics, optical devices, 
transparent electrically conductive films, displays and solar cells.or as 
thermally conductive fillers, biotechnology, biosensors, detergents, filtration, 
. . . and or separation applications. . . . 
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